SYNOPSIS Adrenal cortical function was assessed after death by indirect methods in an unselected series of 31 cases dying in hospital, and comparison made between cases showing normal bone density and those showing unequivocal senile osteoporosis.
The normal production of adrenal corticosteroid in healthy subjects permits many of the essential body functions to proceed (Ingle, 1953) but its abnormal production is in many cases associated with welldefined disease states. In Cushing's syndrome, which is associated with an excessive output of adrenal corticosteroids, principally of the C21 group, osteoporosis is a common feature, and because the mainly spinal distribution of this type of osteoporosis is similar to senile osteoporosis, Albright (1947) has drawn attention to the possible role of the adrenal glands in the latter condition. He suggested that adrenal involution, which he termed an 'adrenopause', might be responsible.
Relatively few studies of adrenal cortical function in senile osteoporosis have been published, and unfortunately, where accurate chemical assessments of adrenal corticosteroid output have been made during life, e.g., by Urist (1960a) , the diagnosis of osteoporosis has usually been made by the notoriously inaccurate clinical radiograph of the spine.
Until recently, however, no standard methods have been available to assess accurately the degree of osteoporosis of the spine and pelvis, so that comparison between cases was not possible until Beck and Nordin (1960) described a histological method, employing biopsy of the iliac crest, and Caldwell and Collins (1961) described a combined radio-'Present address: The Department of Pathology, Princess Alexandra Hospital, Brisbane, Australia.
Received for publication 7 December 1961. graphic and chemical method of assessing the dansity of lumbar vertebral body slabs obtained in the post-mortem room. During a study of necropsied cases using the latter method, adrenal glands were obtained sufficiently soon after death in a proportion of cases to permit indirect assessment of cortical function. Indirect methods, employing the study of cortical lipoid and ribonucleic acid content, were necessary because, as Carr (1959) has stated, the estimation of corticosteroids in the adrenal veins and enzymatic synthetic power in vitro are not practicable on post-mortem material.
MATERIALS AND METHODS
Adrenal glands and mid-sagittal vertebral body slabs, 1 cm. in thickness, were examined in a series of 31 necropsied cases at the Sheffield Royal Infirmary, which were selected only because the adrenal glands could be obtained soon enough after death and were free from metastatic tumour. As would be expected in cases of senile osteoporosis the average age of the osteoporotic group (67 years) was greater than that of the control group (50 years) and in the former group the duration of the period of stress was also greater. The average gland weight (14-5 g.) and ribonucleic acid content (63 %) in the osteoporotic group were, however, also greater than the control group's 13-5 g. and 51 % respectively. If one accepts that for cortical ribonucleic acid a figure of about 30% represents the upper limit of normal (see below) then the result for the control group is also somewhat high, but it must be remembered that even this group is not composed of normal subjects and is merely a less elderly group of non-osteoporotic patients dying in hospital. Two of these cases, however, were normal young adult males who died accidentally and instantaneously, and they showed cortical ribonucleic acid levels of 45 and 55 % respectively.
Routine in both sexes an 'adrenopause', i.e., an involution of adrenal cortical function, similar to that undergone by the ovaries at the menopause, which, he thought, might be responsible for the osteoporosis of senility. Alternatively, he stated that, as in Cushing's syndrome, anything which led to the adrenals producing an excessive amount of glycogenic hormone over that of anabolic steroid hormones would cause osteoporosis.
The possibility that an 'adrenopause' might cause senile osteoporosis has never been disproved, and indeed Urist (1960a) described bilateral adrenal atrophy in an elderly female osteoporotic subject, although curiously enough the glands were differently affected, i.e., the zona fasciculata of one gland and the zona glomerulosa and the zona reticularis of the other were the regions stated to be atrophied. Urist and Deutsch (1960) described general atrophy of the adrenal cortex in the osteoporosis which affects white Leghorn roosters and although the similarity between this condition and senile osteoporosis appears tenuous, Urist (1960b) considered it sufficient to suggest that results of experimental therapy in hen osteoporosis might also be applicable to the human condition. It is therefore appropriate that the adrenal glands in human cases of senile osteoporosis should be studied. The distribution of cytoplasmic ribonucleic acid granules in adrenal cortical cells has been investigated by Symington, Duguid, and Davidson (1956) and by Symington and Davidson (1956) . These authors stated that in healthy subjects ribonucleic acid is normally present only in the cytoplasm of cells in the zona glomerulosa and the zona reticularis, but that as a result of stress or the administration of A.C.T.H., the clear, lipoid-containing cells of the zona fasciculata become devoid of lipoid and compact in appearance, with an intensely eosinophilic cytoplasm rich in ribonucleic acid. This results in merging of the zona fasciculata with the underlying zona reticularis. Symington (1959) further stated that such alterations in the morphology and histochemistry of the cells of the zona fasciculata are associated with an increase in 11/ hydroxylation, and an increased gland output of cortisol. The significance of such changes could, he stated, only be appreciated in the light of corticosteroid biosynthesis, but he warned against mistaking a lipoiddepleted gland, which had ceased its period of hyperfunction, for a highly active gland. Currie and Symington (1955) also warned against mistaking lipoid reversal (Fig. 3) in the adrenal cortex for increased cortical activity. Of the two groups contrasted here the latter change was not regarded as an important source of error, for it was present in only one case and that in the control group (Case 2).
In the light of these observations it will be evident that the greater weight of the glands and the relatively greater ribonucleic acid content of those in the osteoporotic group are not in keeping with the 'adrenopause' theory. The results in fact indicate greater adrenal cortical activity in the osteoporotic group than in the control group, but this may be largely due to the longer duration of the stress period in the former group.
Unfortunately the methods employed in this investigation do not distinguish which groups of hormones were being produced, but if, for example, glucocorticoids alone were being produced in excess, then the possibility that this caused the osteoporosis cannot be excluded. It appears improbable in such an event that the total cortical hyperfunction could have been the result of stress due to the final illness because in the osteoporotic cases the vertebral bodies had lost between 30 and 50% of their calcium content. In four of the eight cases the duration of the stress period was less than 11 days, and in no case was it greater than 30 days. Because the average normal male adult skeleton contains about 1,750 g. of calcium (Howard, 1950) and many of the other bones of the skeleton in addition to the spinal bones were no doubt also affected, to a lesser degree in the osteoporotic cases, such a loss would indicate an excretion of about 600 g. of calcium at an unprecedentedly rapid rate. Certainly the necropsy examinations did not reveal evidence of excessive calcium excretion, e.g., renal calcinosis or calculi nor were there clinical manifestations to suggest prolonged increased production of adrenal glucocorticoids in any of the osteoporotic cases.
Having established that there was no morphological or histochemical evidence to support the theory of an 'adrenopause' in the osteoporotic cases, the position of adrenal sex hormone production and its possible role in the aetiology of senile osteoporosis requires consideration.
There is now abundant experimental evidence that oestrogens play a major role in the bone formation of birds and mammals and that androgens inhibit this action (Suzuki, 1958) . Furthermore, personal experiments (1962) have demonstrated that oestrogens will restore normal bone density in osteoporosis caused by gonadal sex hormone deficiency in male rats, and that androgens not only were ineffective but actually inhibited the osteogenic effect. Since the human adrenal cortex produces only very small amounts of oestrogenic substances, unless there is a specific lesion such as an adenoma (Symington, 1959) , it appears unlikely that imbalance between adrenal glycogenic and adrenal anabolic steroids was the cause of the osteoporosis in the present series of cases. It is more probable that the osteoporosis in these cases was due to gonadal sexhormone (oestrogen) deficiency.
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